1. Events in one part of the annual cycle often affect the performance (and 14 subsequently fitness) of individuals later in the season (carry-over effects). An 15 important aspect of this relates to the timing of activities. For example, many studies 16 on migratory birds have shown that relatively late spring arrival in the breeding area 17 reduces both the likelihood of getting a mate or territory and reproductive success. 3. In this study, we used four years of data from a transponder-based automated 23 recording system set up in a non-migratory population of blue tits (Cyanistes 24 caeruleus) to describe individual variation in arrival at the breeding site. We 25 investigated whether this variation can be explained by individual characteristics 26 (sex, body size, or status), and we assessed its effect on aspects of reproductive 27 success in the subsequent breeding season. 28 4. We found substantial variation in arrival date and demonstrate that this trait is 29 individual-specific (repeatable). Females arrived later than males, but the arrival 30 dates of social pair members were more similar than expected by chance. Arrival 31 predicted both whether an individual would end up breeding that season, and several 32 aspects of its breeding success. 33 5. Our study suggests that non-migratory species show a form of incipient migration 34 behaviour in that they leave the breeding area during the non-breeding season. We 35 conclude that the timing of pre-breeding events, in particular arrival date, may be an 36 overlooked, but important, fitness-relevant trait in non-migratory species. 37 3
INTRODUCTION 40
Events and processes in one part of the annual cycle often affect the performance of 41 individuals later in the season, a phenomenon known as "carry-over effects" (reviewed it is assumed that most individuals do not leave the local area. Furthermore, data on the 86 whereabouts of individuals outside the breeding season are often lacking. For example, in 87 studies of post-breeding dispersal, i.e. movements from one breeding site to the next (e.g. 88 9 exchanged manually every 1-4 weeks. We checked all nestboxes and feeders regularly to 158 ensure they were functioning properly and to change batteries when needed. In total, 159 across all study years, the nestboxes registered 25,700,512 distinct records of 1,467 160 individuals, while the feeders registered 1,398,664 distinct records of 709 individuals. 161
Parentage analysis 162
We extracted DNA from all blood samples and from all egg or nestling tissue samples, 163 genotyped all samples using 14 highly polymorphic microsatellite markers and one sex 164 chromosome-linked marker, and determined parentage following the procedures outlined in 165 . Because the identity of the biological mother is usually known with 166 certainty, the probability of erroneous assignment of males as sires of the nestlings is close 167 to zero. 168
Data analysis 169
We defined a blue tit "season" as the period between 1 August in Year X and 31 July in 170 Year X+1, based on the end of the breeding season in our population (mid-June) and the 171 absence of nestbox visits in July. 172
For each individual, we defined its "arrival date" in the breeding area as the earliest 173 record in a given season. To exclude biases arising from different methods of data 174 collection or due to variation in the timing of capture, we only considered individuals that 175 had been PIT-tagged in a previous season. We further included only data from automated 176 recordings at feeders and nestboxes, excluding 22 individuals whose first record in a given 177 season was a capture. We obtained data on arrival date for a total of 441 individuals; for 178 139 individuals, we recorded arrival date in at least two seasons. All sample sizes 179 mentioned in the Results are for the number of distinct individuals, unless otherwise stated. 180
We analysed repeatability (r) in arrival date for both sexes combined and separately 181 for individuals of different status: males and females, local recruits (individuals born in the 182 study site), and breeders (individuals that were known to breed in a nestbox in the current 183 season). Repeatability estimates are based on linear mixed-effect models (REML) for 184
Gaussian traits, including only individuals with data for at least two seasons, and with 185 individual identity as a random effect. For each repeatability estimate, we also estimated 186 95% confidence intervals (CI) by bootstrapping with 1,000 iterations. 187
We then assessed whether between-individual variation in arrival date can be 188 explained by the individual characteristics sex, body size or status (local recruit or 189 immigrant). We did this for males and females separately, and for two subgroups of 190 individuals: those that bred in the study area in the current season, and those that were 191 local recruits. For the latter, we tested whether fledging date predicted future arrival date. 
mate. 206
We also assessed whether arrival date explained variation in reproductive success. 207
For males, we tested whether arrival date predicted paternity loss in their own brood and 208 extra-pair siring success. We used binomial generalized linear mixed-effect models with the 209 measure of reproductive success, i.e. paternity loss/gain (yes/no), as the response variable 210 and with arrival date as the predictor. For females, we tested whether arrival date affected 211 lay date, clutch size, and fledging success (number of chicks fledged). We used linear 212 mixed-effect models with the measure of reproductive success as the response variable 213 and with arrival date as the predictor. All models included individual identity as a random 214
effect. 215
We used the free software R (version 3.4.1 and later; R Core Team, 2017) for 216 statistical analyses. For repeatability estimates we used the "rptR" package (Stoffel, year. Mixed-model estimates were plotted using the package "sjPlot" (Lüdecke, 2018) .
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RESULTS
222
Individuals arrived at the breeding site between 1 August and 24 April (Table 1; Fig. 1 
240
Arrival date was highly repeatable across all individuals (Table 2; Fig. 2 ). Repeatability 241 estimates were similar for males and females, and were higher when only recruits or 242 breeders were considered ( Table 2) . The difference in arrival date between seasons (the 243 "return window") varied between individuals, with a median of 25 days for males and 32.5 244 days for females (Fig. 2) . 245 246 Data from three seasons (2014-2017). Repeatability was calculated based on the models shown in Table 3 , 250 using data from individuals for which arrival date was recorded at least twice (see Methods). 
256
Arrival dates of the same individual are connected by a line, and individuals are ordered by increasing mean arrival date from left to right. Open and filled
257
circles indicate breeding and non-breeding in the study area in a given season respectively.
258
Females arrived later than males, both overall, and when only recruits or breeders were 259 considered ( Table 3) . Arrival date did not depend on body size (tarsus length) or status 260 (immigrant versus local recruit), neither in males, nor in females (Table 3) , but individuals 261 that ended up breeding in a given season arrived significantly earlier than non-breeders. 262 263 
271
Arrival date predicted whether an individual would end up breeding that season, but the 272 effect was only significant for males (Fig. 3) . 273 274 another, even when the sex of the second (later) individual was taken into account ( Table  284 4; Fig. 4) . 285 
295
Paternity loss, i.e. whether an extra-pair male sired at least one young in the focal male's 296 nest, was neither related to his arrival date, nor to that of his female mate (Table 5) . 297
However, males that arrived in the study area earlier in the season were more likely to sire 298 extra-pair young during the breeding season, although this effect is not quite significant 299 (Table 5) . 300 301 
307
* All variables scaled per year, except paternity loss or gain (yes/no).
308
1 Number of chicks fledged successfully (scaled).
20
For females that bred in the study area, arrival date predicted both lay date and 310 clutch size, with later-arriving individuals laying later and laying smaller clutches, although 311 the latter was not quite significant (Table 5; Fig. 5 ). There was no effect of female arrival 312 date on subsequent fledging success ( Table 5) Table 5 for model details).
318
21 DISCUSSION 319
Our study shows substantial variation in arrival date in the breeding area for adult male and 320 female blue tits from a non-migratory population. We further show that arrival date is a 321 repeatable, individual-specific trait. Female blue tits arrived later than males, both overall, 322 and when only breeding individuals or local recruits were considered, but arrival date of pair 323 members was more similar than expected by chance. Arrival date predicted whether an 324 individual would end up breeding that season (significant in males, non-significant trend in 325 females), as well as aspects of male and female reproductive success. Taken together, our 326 study suggests that the timing of pre-breeding events, in particular arrival date, is an 327 important, fitness-relevant trait, even in a non-migratory species. 328
Timing of arrival in migratory and non-migratory species 329
In migratory species, individuals show variation in their timing of arrival at the breeding site 330 (Both et al., 2016). Our results suggest that this is also the case in a non-migratory species, 331 whereby the variation in arrival date was even more pronounced. Our data stem from PIT-332 tagged individuals that were recorded automatically at nestboxes and feeders. Thus, 333 individuals could still be present locally and not visiting these devices. However, previous 334 studies suggest that it is more likely that they vanished from the local area for some time 335 after the breeding season and returned after variable periods. 336
Although it is generally accepted that some adult tits remain resident in the breeding 337 site over winter (Hinde, 1952; Gibb, 1954) , Hinde (1953) commented in a study on great tits 338 -another non-migratory, related species -that "some of the birds do show an increased 339 tendency to wander during the migration seasons". Another study on great tits showed that, 340 based on comprehensive winter observations, breeding birds were more likely to remain 341 resident in winter in urban parks than in forest habitats (Dhondt, Adriaensen, & Plompen 342 1996). Most forest-breeding birds are thought to leave the breeding area to spend the 343 winter months in towns and villages (Gibb, 1954; Nilsson & Smith, 1988) . Gibb (1954) noted 344 that no tit species is exclusively sedentary, and that there are usually more blue and great 345 tits breeding in the study site than numbers observed there in the middle of winter. also Kokko, 1999) , not unlike what we observed, although in our study arrival seems more 358 continuous across the season (Fig. 1) . We have no data on the movements of the 359
Westerholz blue tits outside the study area during winter, but the aforementioned studies 360 suggest that the assumption that most -if not all -individuals disperse from the study area 361 for at least part of the non-breeding season is valid. 362
Repeatability in timing of arrival 363
In migratory species, many studies have shown that timing of arrival at the breeding site is 364
repeatable (Both et al., 2016). Proposed explanations include between-individual variation 365
in wintering ground departure, intrinsic individual timing differences, and/or differences in 366 individual quality. The results of our analyses indicate that the timing of arrival in the 367 breeding area is also highly repeatable in blue tits. This suggests that "arrival" in the 368 breeding area as estimated in this study for individuals that were caught in the previous 369 seasons is indeed (close to) true arrival date. 370
In each season, the arrival dates of individuals spanned between eight and ten 371 months (from August to between March and May, Fig. 1) . Given the high repeatability of 372 arrival date, this implies that there is substantial between-individual variation in this trait 373 (see also Both et al., 2016). This suggests that some individuals either remained resident in 374 the study site throughout winter, or chose to return from outside the breeding site early and 375 long before breeding started. A winter translocation study on black-capped chickadees 376 (Poecile atricapillus), another non-migratory species in the family Paridae, noted that "return 377
[to the study area] was an individual response and not a flock behaviour pattern" (Odum, 378 1941a), suggesting that even in winter flocks, the propensity and timing of returning to the 379 breeding area can differ markedly between individuals. 380
The date on which an individual was first caught was also positively correlated with 381 its mean arrival date in the study area in later seasons, suggesting that capture date may 382 be a useful proxy for arrival date. An individual's arrival date (first detection) was also 383 correlated with the date of second detection in the study area, further suggesting that first 384 detection is a meaningful estimate of arrival in the study site. 385
Coupled with the finding that arrival times were correlated between pair members, 386 the high repeatability indicates that individuals have distinctive pre-breeding schedules, and 387 that arrival date may indeed be an important phenotypic trait, even in non-migratory 388 species. 389
Sex differences in timing of arrival 390
In migratory species, there is overwhelming evidence that males arrive at the breeding 391 non-mutually exclusive hypotheses have been proposed to explain protandry in such 394 species, including (1) males choose to arrive early to avoid competition for territories or 395 breeding sites with other males (given that males typically defend the territory), (2) selection 396 favouring early-arriving males because they have a higher probability to breed or higher 397 reproductive success, and (3) selection on females to arrive later to avoid suboptimal 398 environmental conditions, or to reduce time awaiting males (reviewed in Morbey & 399 Ydenberg, 2001) . 400
In our non-migratory population of blue tits, we also found that males arrived earlier 401 than females. Males, being dominant over females at feeding locations, may be more likely 402 to remain resident in the breeding site over winter (Smith & Nilsson, 1987 
Timing of arrival and pair bonding 418
In populations of (partially) migratory species, it has been shown that individuals mate 419 assortatively based on their arrival time in the breeding area (Village, 1985 Lozano et al., 1996) which may also be linked to 421 age-dependent arrival (Coulson, 1966) . Similarly, in this study we found that the arrival 422 dates of future pair members were positively correlated (see also Lourenço et al., 2011) . 423
Colquhoun (1942) witnessed male blue tits performing pair-bonding displays to females 424 from November into early spring, suggesting that blue tits may (re)establish pair bonds at 425 variable times and often long before breeding starts (see also Odum, 1941b ; Psorakis, 426
Roberts, Rezek, & Sheldon 2012). 427
In our population, the difference in arrival date of former pair members also 428 explained the occurrence of divorce. If the former pair members did not arrive within a short 429 period, the probability of divorce strongly increased (Gilsenan, Valcu, & Kempenaers 2017) . 430
There are two potential processes that may explain this. One possibility is that former pair 431 members typically stay together throughout winter (see also Psorakis et al., 2012) . In that 432 case, divorce may result from a decision or a process whereby the male and the female 433 become separated, for example, because they join different winter flocks, or because one 434 of them remains resident while the other individual leaves the breeding area. Alternatively, 435 in blue tits, breeding pairs may not maintain their pair bond in between breeding seasons, 436
i.e. they may not typically spend the winter together, but will breed together again if they 437 both come back to the same area (the former territory) around the same time. In a short-438 lived species with high adult mortality such as the blue tit, individuals that would decide to 439 reproductive success (see review in Kokko, 1999) . 456
In our study, individuals that arrived earlier had a higher probability of ending up 457 breeding in the same season (significant in males, non-significant tendency in females; see Matechou et al., 2015) . This suggests that a carry-over effect exists in our population, 460
and that this effect may be sex-dependent (see also Saino et al., 2017) . Due to competition 461 for territories, nest sites or mates, males may be more constrained in their arrival timing. 462
Indeed, we found that males of each status (overall, recruit, breeder) were somewhat more 463 repeatable in their timing of arrival than females ( Table 2) . Variation in arrival date may also 464 indicate differences in individual quality (since higher-quality individuals are expected to 465 better endure costs of arriving early; Kokko, 1999; Matechou et al., 2015) and lead to 466 assortative mating for quality, since individual timing predicts mating (Farine & Sheldon, 467 27 2015; this study). Although we found no differences in arrival related to body size 468 (measured as tarsus length, Table 3 ), this may not be the best measure of "quality" (Wilson 469 & Nussey, 2010 ; see also Nilsson & Smith, 1988) . Early-arriving males may have had more 470 time (1) to find an unoccupied territory (possibly their former territory) or a mate, (2) For female blue tits, later arrival was associated with later laying (see also Smith & 487 Moore, 2005) and with a smaller clutch (Fig. 5) . Breeding success usually decreases with 488 lay date, not only due to differences in individual timing per se ("timing hypothesis", 489 Of all individuals included in this study, 70% of males and 72% of females had bred 498 in the study area the previous season, and these individuals also arrived earlier than those 499 that had not bred (see also Lanctot, Sandercock, & Kempenaers 2000) . Individuals which 500 bred previously in the breeding area have more experience relative to those that did not, 501 and in that sense may be "higher quality" (see also Smith, 1995) . In any case, because all 502 individuals included in our study were adults (after-second year), we can exclude that 503 differences in male and female reproductive success between early-and late-arriving 504 individuals were due to age effects (as age effects are mostly observed between yearling 505 and older birds). 506
Conclusions and suggestions for future work 507
In conclusion, migratory and non-migratory species may be more similar than previously 508 appreciated, in the sense that individuals leave the breeding area to spend part of the non-509 breeding season elsewhere before returning to the same or a nearby breeding location. The 510 main difference then lies in the scale of those movements. We suggest that it may be 511 heuristically worthwhile to consider movements of "resident species" as incipient migratory 512 behaviour, and to consider the timing of arrival as an important life-history trait. Further 513 study of the causes and consequences of within-and between-individual variation in the 514 timing of arrival is warranted. For example, we here show that arrival date in blue tits is 515 repeatable, and it may thus be interesting to assess whether the trait is also heritable. We 516 29 also need information about the whereabouts and the movement patterns of individuals 517 outside the period when they are detected in the breeding area. 518
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